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[57] ABSTRACT 

Submersible driving units with hydraulic pumps driven by 
underwater electric motors and linked to a hydraulic 
medium reservoir which may be connected to the driving 
mechanism of underwater ramming machinery and tools 
require a frame upon which the above-mentioned compo- 
nents of the driving units can be secured. This makes the 
driving unit heavy, costly to produce and difficult to 
exchange. A new embodiment allows a less costly design 
without a frame. At least one underwater electric motor (2), 
a hydraulic pump (3) and a hydraulic medium reservoir (4) 
are assembled into a self-contained, light, compact, autono- 
mous and easy -to-exchange driving unit (1) which may be 
connected to further corresponding driving units (1), form- 
ing a large driving unit. In order to connect it to the driving 
mechanism of the ramming machinery or tools (21, 33, 36), 
the driving unit (1) is further provided with couplings (12; 
13) for connecting in an easily detachable manner at least 
one hydraulic medium-transmitting linking element (46,26). 
The hydraulic medium reservoir (4) carrier all driving 
components (2,3,4) and coupling elements (46, 26). 

26 Claims, 4 Drawing Sheets 
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SUBMERSIBLE DRIVE UNIT FOR USE 
WITH UNDERWATER PILE DRIVERS AND 
WORK UNITS 

This application is a 371 of PCT/DE94/00001, filed on 
Jan. 3, 1994. 

BACKGROUND OF THE INVENTION 

The invention deals with a submersible drive unit with 
pressure medium pumps connected with a pressure medium 
tank and driven by underwater electric motors, connectable 
with the drive of submersible pile drivers and work units. 

For underwater pile driving on the sea floor, the pressure 
medium required for driving the equipment is supplied 
through a pressure medium circuit with long hoses from 
above the water surface to the work unit. Because of the flow 
resistance in the hoses, this is only feasible up to a water 
depth where the pressure medium pumps can still cope with 
the additional pressure required to overcome this resistance. 
Finally, the limits of feasibility, economy and also handling 
are reached. 

In this case a submersible drive unit is connected with the 
equipment and lowered together with it, supplying a pres- 
sure medium through a short circuit, while, for the operation 
of the drive unit, electric energy is supplied through a long 
electric power cable from above the water surface with now 
much lower resistance, i.e. energy losses. 

DE-PS 24 54 521 discloses a drive unit, consisting of 
pressure medium pumps, each driven by an electric motor, 
and a tank containing the pressure medium, and is displace - 
able in upward and downward directions by shock absorbing 
means, -and is guided on the pressure medium cylinder of a 
rammer projecting from the upper end. of the housing of a 
ramming device, and is connected with the latter through 
short and flexible lines. 

This known drive unit requires a precise form fit to the 
upper end of the ramming device, a shock absorbing dis- 
placeable guide at the ramming device, and an attachment to 
the latter through shock absorbing means, by means of bolts 
or similar fasteners. 

The underwater drive unit currently in use shows espe- 
cially the following disadvantages: 

the manufacture of machined surfaces on the relatively 
large parts required for a displaceable guide is 
expensive, and these surfaces are difficult to repair 
when damaged, 
the structure for guiding and supporting all components is 

heavy and relatively expensive, 
the firm connection with the ramming device can only be 
disconnected on the deck of the support ship, which 
requires correspondingly long repair and/or change- 
over times, 

the design is not conducive to the replacement of indi- 
vidual components, 

there is no quick access to the drive unit of the ramming 
device in case of damage. 

Further, EP-PS 03 01 116 discloses an underwater drive 
unit comprising electric motors, pumps and pressure 
medium tank, which is connected with the drive of a pile 
driver or work unit by means of flexible conduits. 

This drive unit has a cover housing with a concentric shaft 
which goes all the way through to accommodate a founda- 
tion pile or the necessary installation equipment, lower and 
upper support plates which are connected with the outer wall 
whose internal surface and the inner wall enclosing the shaft 
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form an annulus in which electric motor/pump units are 
arranged parallel to the shaft. These electric motor/pump 
units are restrained by springs to limit and cushion move- 
ments relative to the cover housing and parallel to the shaft. 

5 This design has disadvantages also. Considerable work 
time on the deck of the support ship is required in order to 
separate the drive unit from the work unit and to remove it 
from the shaft. Moreover, the cover housing, serving both as 
a guide and as a structure for attaching drive unit compo- 
nents is heavy and expensive, because of the inner and outer 
walls and the upper and lower support plates. 

Apart from the need to eliminate these disadvantages, 
there are difficulties regarding economy and safety due to the 
overall configuration and working conditions of pile drivers 
and work units. They pertain to handling methods, outfitting 

15 expenditure, belter utilization of the drive unit and its 
individual components. 

As to handling, difficulties occur frequently with the 
umbilical which connects the support ship with the drive 
unit/work unit. This umbilical contains electric power cables 

20 for the transmission of drive energy to the underwater 
electric motors of the drive unit and at least one line for the 
supply of compressed air to the work unit to compensate for 
the outer pressure on enclosed hollow spaces, and control 
lines for controlling and monitoring the drive unit and work 

25 unit. All these lines are contained in one conduit only, the 
umbilical, so that one need only handle one line. 

The umbilical is equipped with a strong outer armor to 
protect the internal lines and to bear lifting loads. It can cost 
up to US $1400.00 per meter. Fear of damage discourages its 

30 use. 

The above mentioned difficulties arise, because the pile 
driver or work unit is rigidly attached to the drive unit to 
which the umbilical is rigidly attached, and because these 
parts must always be handled together and moved in unison . 

35 when picked up on deck, during lowering to the pile deep 
underwater, and when laid down on deck. Because of rough 
handling the umbilical can hook on, twist around and catch 
on any object on deck, on the underwater structure or on the 
drive unit or on the work unit itself. The result of these 

40 difficulties is damage. 

The costs for the heavy umbilical with hoist and pile 
driver/drive unit are further increased because, for fear of 
failure of lines inside the umbilical and/or motor/pump 
units, additional electric power cables and control lines are 

45 included in the umbilical and the drive unit is equipped with 
additional or bigger motor/pump units than required. This is 
done because, when such a failure occurs, quick repairs are 
currently not possible and the cost for one hour downtime of 
a support ship can be up to US $17,000.00. 

50 In addition, the operating speed of the work unit is partly 
measured by standards based on well established pile driv- 
ing work above water, resulting in costs which, for under- 
water work, are not commensurate with the derived benefits. 
The deeper the operation, the more time is required for 

55 handling compared with the pile driving operation itself. The 
investment for the drive unit must therefore bear a balanced, 
different relation to work above water. 

Further, the expensive underwater equipment components 
are, in fact, utilized only rarely and then only for short time 

60 periods and should offer more diverse use, so that they can 
be amortized more quickly. Therefore, in view of the 
increasing need for economy in this established underwater 
technology., the current state of the art is no longer adequate. 
DE-PS 30 07 103 discloses a drive unit which is located 

65 on or next to the housing of an impact hammer. 

This drive unit consists of an electric or hydraulic motor 
and a pump. It does not have a pressure medium tank, but is 
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connected with the fluid filled housing of the impact ham- be taken onboard if necessary, or the drive unit can be 

mcr. The fluid in this housing is simultaneously used as the hoisted up full speed, inspected and lowered again. In the 

drive fluid for the ram hammer and is pressurized by the past, it can only be hoisted up slowly together with the 

pump. The pump and motor form a part of the hammer unit rigidly connected pile driver or work unit, and lowered 

which is rigidly attached to the hammer housing. 5 especially slowly, if work unit components have to be 

Advantageously, the pump with motor including all conduits pressurized internally with air to compensate for the external 

is installed in the head of the hammer housing. An arrange- water pressure. 

ment next to the hammer housing is not further explained. Because of simpler and gentler handling, more economi- 

This drive unit, unlike previously described units, is not cally designed drive energy and elimination of redundant 

designed as a self contained drivable unit because it lacks a 10 spare lines, a more cost effective umbilical can be used or, 

pressure medium tank, unless the surrounding water is used depending on operating procedure, one can now use, in 

as the drive fluid which can restrict its operation depending place of an expensive umbilical, a more cost effective one or 

on the degree of water fouling. a single cable may be sufficient. Since the drive unit pro- 

In addition, this desigu demonstrates some of the previ- pose d above is significantly lighter, one can now also utilize 

ously described disadvantages, i.e. the fixed connection of 15 for a single or a few drive units a moderately reinforced 

drive unit and supply line can only be disconnected onboard, umbilical or cable designed to carry only tensile forces, 

access to the pressure medium cylinder etc. is obstructed simultaneously serving as a lifting element, thereby obviat- 

and, because the connection is fixed and rigid, the handling fog the need for a lifting rope. 

risks to the supply lines described above and to the unpro- proposed solutions lead to altogether improved 

tected motor/pump unit apply. 20 mte rchangeability of individual drive components, the drive 

The state of the art outlined above describes problems unit itself in C i ud i ng elements connected with it, as well as 

and/or wishes dealing with the drive unit itself and with improved repairability 

other components or circumstances all of which inhibit, ^ e accordin to tne has a better 

akeady for some time and mcreasmgly so, the economic use chaflce for mofe ^ effcctiye operation of lower 

of underwater drive units for the energy efficient operation 25 equipment ^ md ^ ^kty and lherefore ffiakes it 

of pile drivers and work units. aJs0 possiWe tQ Q p erate in greatef watef depms at beafable 

SUMMARY OF THE INVENTION C0StS ^ hen combined ^ suitabl Y equipped submersible 

pile drivers and work units. 

It is an object of the present invention to provide a ^ Additional design variations of this drive unit are 

submersible drive unit of the kind mentioned in the begin- described in the claims. Preferred design examples are 

ning which is of lightweight construction, can be quickly described below and shown in the corresponding drawings, 
repaired even to the extent of replacing of drive components, 

can be quickly separated from the pile driver or work unit, BRIEF DESCRIPTION OF THE DRAWINGS 

-cau_.he-safely handled with oi^wiihouUum'oilical, can be 35 __^g. I shows schematically a drive unit with underwater 

utilized more diversely and finally, is designed economi- electric motor and pressure medium pump in elevation as 

cally. well as pressure medium tank in longitudinal section. 

To solve these tasks, a drive unit according to the present FIG. 2 shows schematically a vibration pile driver con- 
invention is disclosed in which the submersible drive unit is nected with a support vessel by way of a drive unit and 
connectable with a drive of a submersible work unit, and has 4Q placed on top of a foundation pile of an underwater struc- 
at least one electric motor connected to a support ship by hire. 

way of an umbilical for transmitting electric energy to the FIG. 3 shows a detail, similar to FIG. 2, of a pile driver 

electric motor, and at least one pressure medium pump w j m a CO axially placed drive unit. 

connected to and driven by the electric motor and in fluid fig. 4 shows a detail, similar to FIG. 3, however with a 

communication with a pressure medium tank. The drive unit 45 driye um( Iaced off centef 

also has a coupling to receive a foot piece of the electric ™^ - <_ . 1t . 

c * a t i * *l r FIG. 5 shows schematically cut-off equipment placed on 

motor, a first flange coupled to the pressure medium pump, t c • * « i * j . * i , 

and a second flange coupled to the pressure medium tank. J* " foundallon P lle of an ™derwater 

The combination forms a self-supporting structure for the 

drive unit, & shows the drive unit according to FIG. 1 in 

™. u . , . ji_ ]• i , ■ i . 4 50 elevation with a plug connection coaxially connected on Lop 

This drive unit is characterized by lightweight construe- c .. , . , J 

j • 1 1 j * u ui ■ j* -j. i . c «u °f a P lle driver or work unit, 

tion and quickly detachable individual components. Further, r . . 

it is self supporting and does not require an extensive FIG. 7 shows a Partial view of FIG. 6 with a control line 

structural frame for connection with the pile driver or work a " d electnc P lu S ejection external to the plug connection 

unit. The electric motor/pressure medium pump units are 55 thal connec1s the dnve umt ' 

exchangeable with little effort for more or less powerful FI G. 8 shows schematically two drive units connected 

units. By way of modular construction, several drive units w * tn eacn otner - 

can easily be combined to obtain a larger drive unit, and FIG. 9 shows a partial view of two interconnected drive 

conversely, by taking away modular units smaller drive units units with a plug connection connected on the top end of the 

can be obtained in many different combinations as required. 60 P^ G driver or work unit. 

By incorporating suitable connection means, the drive unit FIG. 10 shows a representation similar to FIG. 6 with a 

is prepared for detachment from pile drivers and work units lockable plug connection. 

above and below water and can therefore, by virtue of its FIG. 11 shows a partial view of representation according 

design, be handled gently <:c- an independent unit, with and to FIG. 10 with locked plug connection, 

without umbilical, separate from the pile driver or work unit. 6 5 FIG. 12 shows schematically three interconnected drive 

The latter has the advantage that, in case of damage, the units which are connected with the underwater equipment by 

work unit can remain outboard and only the drive unit may means of lines. 
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FIG. 13 shows the three drive units, according to FIG. 12, case depending on, e.g., water depth, design of pile driver or 

from below. design of work unit, the equalizing cylinder 14 is designed 

FIG. 14 shows schematically a larger drive unit with six fo r on\y the most common conditions so that an economical 

electric motor/pump units and a pressure medium tank. design can be obtained. 

FIG. 15 shows the drive unit according to FIG. 14 in side 5 For use in deep water or with equipment with larger 

view with the pressure medium tank in longitudinal section. pressure medium accumulator capacities, as required e.g. for 

FIG. 16 shows the drive unit according to FIG. 14 in side smoolhin g out ™*e.dy pressure medium flow during oscil- 

view looking in the direction of arrow "A" (see FIG. 14). ^ting movements of the lifting cylinder of pile drivers it as 

° possible to attach an additional equalizing cylinder 14a as 

FIG. 17 shows a schematic representation of a drive unit 10 shown in dashed lines 

located in a cooling tank with additional pressure medium . t . c t . t \ n ... .. . 1/4 . 

A , . , & 4 . F Instead of the plug 19, the equalizing cylinder 14a is 

tank onboard a support vessel. . ,, , fi ■ \ • ... 

rr installed. It communicates through openings 16a with the 

DETAILED DESCRIPTION OF THE pressure medium tank 4 and with the external water and has 

PREFERRED EMBODIMENT a floatin g P^ 100 15a - When usin g equalizing cylinder 14a, 

15 piston 15 of the regular equalizing cylinder 14 is pushed 

Drive unit 1 shown in FIG. 1 consists of an underwater against the upper stop by the higher oil column. It will be 

electric motor 2, a pressure medium pump 3 and a pressure activated again when all pressure medium has escaped from 

medium tank 4. These components are connected to each the equalizing cylinder 14. It serves as a standby for this 

other by means of coupling 5 to make up a drive unit: The emergency. 

pedestal of electric motor 2 with its foot piece 6 at its upper 20 i n order to utilize the pressure medium tank 4 in more 

end, hydraulic pump 3 with flange 7 at its lower end and diverse applications and therefore more economically, the 

pressure medium tank 4 at its flange 8. The components opening 22 for coupling 5 with pressure medium pump 3 is 

connected to each other in this manner are self supporting, ma de larger so that an underwater electric motor 2 and a 

thus obviating the need for an additional frame. pressure medium pump 3 with greater power, i.e. with 

A valve block 9 is attached to the pressure medium pump 25 greater diameter can also be installed. In this case it is also 

3 for the required operating controls. Pressure medium flows useful to have the possibility of adding an additional equal- 

from connector 10 through valve block 9 to pressure izing cylinder 14#, so that a larger quantity of pressure 

medium pump 3 and then flows pressureless either com- medium is available corresponding with the larger intake 

pletely or partially back to the pressure medium tank 4 3Q volume of the pressure medium pump 3. Otherwise a larger 

through connector 11, or flows either completely or partially pressure medium tank 4 would be required, 

through connector 12 to the work unit and back to pressure The pressure medium tank 4 is the base structure to which 

medium tank 4 through connector 13. An equalizing cylin- all drive components are attached. Since it is designed 

der 14 with floating piston 15 is, through openings 16, in ruggedly to cope with rough offshore conditions, it need not 

contact with the external water on one side and with the 3S be strengthened any further to cope with this function and 

pressure medium on the other. It ensures pressure equilib- can be adapted without great additional costs, and the result 

rium in pressure medium tank 4 with respect to the external is a self supporting drive unit, making a support frame 

water pressure. superfluous. — — " 

Energy is supplied through umbilical drive unit 1 is FIG. 2 shows an example where a vibration pile driver 21 
lightweight. The cement since the drive unit 1 is lightweight. 40 is placed free standing on top of a foundation pile P and is 
The control line 17 extends from the umbilical 20 or is a connected by means of short lines 23 to the drive unit 1 
separate line coming from above and continues on to the which is suspended from the lifting rope 27, and is con- 
equipment, nected with umbilical 20, guide pulley 25 and hoist 29 to the 

The connections 10 and 11 are designed with compensa- support ship 28 for supply of energy, control signal and 

tors 18 which compensate for offsets and length differences 45 compressed air. Because of the light weight of the drive unit 

between the connections of the pressure medium pump 3 1, the umbilical 20 or a suitably tension reinforced simple 

and the pressure medium tank 4, facilitating quick installa- electric power cable can be advantageously utilized in place 

tion. Similarly, flange 8 is shimmed with a slightly elastic of the lifting rope 27, as already described before, 

and flexible material in order to dampen shocks to the The drive unit 1 is detachable from the umbilical 20 by 

electric motor 2 and to bridge machining tolerances between 50 means of the electric power cable and control line plug 

connecting surfaces for lines 12 and 13 when, instead of connector 24, and from the vibration pile driver 21 by means 

these, couplings with machined surfaces are used to ensure of the pressure medium and control line plug connection 26 

leak tight connections. See FIGS. 6, 9, 10, 12 and 15. The situated on one side of the vibration pile driver 21, and can 

pressure medium tank 4 can be extremely small because its therefore be handled gently as an independent unit. The 

design is such that the pressure medium is cooled over a 55 vibration pile driver 21 is lowered and raised by crane 30 

large surface by the external water whose temperature is using lifting rope 31. Compressed air is supplied separately 

only approximately +5° C. in the water depths where the from the support vessel 28 through line 16. 

work is to be performed. If required, the surface area can be FIG. 3 shows another application example where the 

increased through appropriate design of the pressure drive unit 1 is placed directly and coaxially on the head of 

medium tank 4, e.g. by increasing the height and decreasing 60 a pile driver 33 and connected detachably with it by means 

the outer diameter, or by means of cooling tins rather than of a plug connection 26. The umbilical 20 is also the lifting 

by increasing the volume of the pressure medium. The element for the drive unit 

pressure medium volume has to be just large enough to An underwater vehicle 34 with television camera and 

ensure good flow conditions to pressure medium pump 3. robotic tools assists in this and the other examples in 

Depending on operating conditions, the pressure medium 65 connecting and detaching plug connection 26 as well as in 

volume in the pressure medium tank 4 can vary greatly and observing the umbilical 20, the lifting rope 31 and the 

differently. However, since conditions differ from case to compressed air line 32 during operation. 
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FIG. 4 shows a drive unit 1, again directly connected with transmission on work unit 21,33,36 that allow several dif- 

the pile driver 33, but at the side. Depending on power ferent signals to be transmitted through a single ring contact 

requirements, one or more will be arranged around the pile 47. 

driver 33 and connected with it. A weight imbalance will be if control line 17 contains a compressed air line, then 

compensated for by a counterweight 35. 5 compressed air can be transmitted through the hollow plug 

Corresponding with the diverse application possibilities, part 62 and a correspondingly designed socket 61 to the 

FIG. 5 shows underwater cut-off equipment 36 which is work unit. In this case, check valves 60 are to be provided 

placed on top of a driven foundation pipe pile 37 and whose in both parts as described in FIG. 6. 

shaft 38 with the cut-off tool 39 protrudes into it, so that it plug 62 is plugged in by the underwater vehicle 34 and 

can be cut off below the sea floor in section C. The cut-off 10 unplugged together with the drive unit 1 during unplugging 

equipment 36 is driven by a coaxially installed, electrically of plug connection 26 by pulling on the umbilical 20. If 

driven underwater drive unit 1, which is also detachably required, the plug connection parts 61/62 can be locked 

connected to it by meaas of a plug connection 26. The together, e.g. similar to FIG. 10 and FIG. 11. 

umbilical 20 supplies electric energy and simultaneously g snows two interconnected drive units 1 each of 

serves as the lifting element. which ^ supplied with energy by an umbilical 20 or a simple 

Id FIG. 6, the drive unit 1 is installed directly and electric power cable, supplying the generated pressure 

coaxially on top of the work unit (21, 33 or 36) by means of medium flow through their own lines 12 and 13 to the pile 

the pressure medium and control line plug connection 26, driver or work unit. The pressure medium tanks are bolted 

with connections 12 and 13 coinciding with connections 56 to each other by means of simple load bearing plates 41 with 

and 57, respectively, of the plug connection 26. It can be 20 lifting hooks 42 for lifting ropes. The underwater electric 

connected wet or dry. motors 2 are additionally connected with each other by a 

The plug connection 26 consists of a plug part 54 bolted spacer plate 43 which is also used as a guide for the lifting 

to drive unit 1 and the socket part 55. The plug part 54 rope 31. 

contains pressure medium channels 56 and 57 which pass 2$ In FIG. 9 two interconnected drive units 1 are connected 

through socket part 55 and terminate in hose connections 58 to the top of the work unit (21,33,36) by means of a 

and 59 through which pressure medium flows to and from distributor piece 46 and the pressure medium and control 

^ynit. The channels are equipped with check valves line plug connection 26, whereby connections 12 and 13 

60 which prevent oil from escaping and water from entering coincide with connections 71 and 76, and 72 and 75, 

the systems when unplugged. 3Q respectively. The distributor piece 46 combines pressure 

The control lines 17 are connected in the plug part 54 to medium coming from the pressure medium pumps of drive 

a coaxial, wet-connectable electric socket 61, whose plug 62 units 1 in channels 71 and 72 into channel 73 and feeds it 

is located in socket part 55, and which connects control lines through channel 56 and through plug connection 26 to the 

17 with the work unit. The support of socket 61 is preferably work unit (21,33,36). Pressure medium coming from the 

laterally displaceable in the transverse direction in order to 35 latter through channel 57 to channel 74 and distributed to 

avoid problems caused by off-centering when connecting channels 75 and 76 is returned to the pressure medium tanks 

parts 54 and 55. 4 of the two drive units 1. 

Electric plug connection 61/62 and pressure medium plug FIG - 10 shows ' in contrast to FIG. 6, a pressure medium 

connection 54/55 are made simultaneously. and control line P lu S connection 26a with a locking device 

For work units 21, 33 which are subject to vibrations, the 40 " which simultaneously serves as a pulling device assisting 

. t t . . a J ^ , . in securely plugging the two parts together. The parts S4a to 

socket part 55 may be mounted in a flange nng 63 and spring , n r ■ -i* j c n 

i a j • At\ 69a of plug connection 26a correspond functionally with 

loaded with a spring 40. * % -nr f nn 2 ^ c 

^ & those of plug connection 26 of FIG. 6. They are therefore not 

The plug connection is plugged together by the own described again 

weight of the drive unit 1. As spaces 64 and. 65 become The x connection 26a ; s shown - t before the , 

smaller during plugging m, or fluctuate in size because of f operation. The socket part 55a is already engaging the 

spring action, the displaced water escapes through openings guide mac 68a of p , ug part 54a and , he , ocking hook n fc 

an about to swivel and hook on below shoulder 81 as piston rod 

In order to avoid damage to the sealing surface on plug 79 of cylinder 80 is retracted. As piston rod 79 is retracted 

part 54, a protective .skirt 69 is provided which has a large 5Q tnihc ^ part 54a toget her with drive unit 1 and part 55«, and 

guide cone 68 on its lower end facilitating plugging parts 54 simultaneously electric socket parts 6ia and 62a , are pulled 

and 55 together. together by the locking book 78 which rides in guide 88, and 

The lifting element is the umbilical 20 itself which is which finally firmly tensions them together, unless the 

protected against excessive bending by a moment resisting weight of drive unit 1 is sufficient to effect this process 

sleeve 70. It must be capable of unplugging part 54 by 55 alone. Since the contact areas are pressed together, any 

overcoming the small forces due to indentation connections. torque created during starting and running of the electric 

Otherwise a lifting rope will be used. \ motor is absorbed by friction in the contact areas. 

FIG. 7 shows a design according to FIG. 6, where the The locking mechanism 77 is actuated by control valve 81 
electric socket part 61 with plug 62 for control cable 17 is whose control rod 82 is manipulated underwater by under- 
relocated to the outside and is connected to the work unit 60 water vehicle 34 or other suitable means. In order to retract 
21,33,36 through line 48, thereby simplifying the interior of piston rod 79 pressure medium is sent from the high pressure 
plug connection 26. Since parts 61 and 62 are connected to accumulator 84 to the lower chamber of cylinder 80 through 
spring loaded socket part 55, the former are also spring line 83, while simultaneously the displaced hydraulic fluid 
loaded. from the upper chamber of cylinder 80 is sent through line 

The coaxial cylindrical pin of plug part 62 has as many 65 85 to the low pressure accumulator 86. 

contact rings 47 as there are signals to be transmitted, Unlocking occurs through a spring (not shown) located, 

provided there are no facilities for data processing and e.g., in the upper chamber of cylinder 80 pushing the piston 
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rod 79 in the initial position; simultaneously lines 83 and 85 The pressure medium tank 4a also includes equalizing 

are connected with the low pressure accumulator 86 through cylinders 14, described in FIG. 1, located in spaces between 

the control valve 81 which allows pressure medium to be electric motor and pump units, 2 and 3, respectively, which 

transferred to the upper chamber. communicate with the external water through openings 16. 

If there is insufficient pressure medium in accumulators 5 The required plug connector 24 for connecting electric 

84 and 86, i.e. if pressure falls below the lower threshold, it power and control lines with drive unit la is located in such 

is replenished through check valves 87 from the pressure a space also. Additional equalizing cylinders 14 can be 

medium circuit. Conversely, an excess of pressure medium installed as indicated. 

is released from the accumulators 84 or 86 to the pressure Preassembled electric motor/pump units 2 and 3, 

medium circuit through relief valves (not shown). 10 respectively, are installed in pressure medium tank 4a shown 

The check valves 87 are placed in the pressure medium in FlG1S in the Mme wa V as sin &* units are installed as 

circuit of the work unit (21,33,36), as functionally required: shown m FIG * 1 

For the high pressure accumulators 84 in pressure channel Tm > ^ of drive unit Xa for P ilc drivere and work units 

S6a, and for the low pressure accumulator 86 in return Wlth gnsater power output is flexible in that it can be 

channel 57a is ec l ul PP ed w,tn a different number 01 electric motor/pump 

n, , . " • « . j 1 Cit _ t_ "i * 1 jytx unite each having the same or different power output. 

Tie dnve energy ,s supplied by meansof Iheumb,hcal20 when * main , 18 OB V pntmm 

or separate electric power caoies control nnes. medium tank 4« and connections 12 on distributor piece 46a 

If required, a spring 40 as shown in FIG. 6 can be included ^ be p i ugg ed in. The drive unit la offers economy and 

in this plug connector also. value bascd on its potential for different applications, low 

FIG. 11 shows a partial view of plug connection 26a with 20 construction size and light weight as well as its handling 

locking hooks 78 of which there are three distributed on the separate from work units. 

circumference to ensure uniform pull and clamping force, The proposed principle of a self supporting drive unit is 

and also friction force to counteract torque created during unchanged. The pressure medium tank 4a is in this case also 

starting and running of the underwater electric motors. the load bearing building block of the drive unit la. If 

The three drive units 1 shown in FIG. 12, interconnected 25 required several drive units la can interconnected in a 

to produce greater drive energy, are detachably connected similar fashion as drive unit 1 to establish even larger units, 

with the work unit (21,33,36) by means of a distributor piece The function of the distributor piece 46a as described in 

46 as described in FIG; 9, pressure medium lines 44 and 45, FIG. 9 is one of collecting and distributing pressure medium 

control line 17 and plug connection 26a. The pressure from the drive unit to the pile driver or work unit and 

medium lines 44 and 45 supply and return, respectively, 30 returning it from same to the drive unit by means of internal, 

pressure medium to and from work unit (21,33 ,36) by means suitably arranged channels. The distributor piece 46a is 

of channels 56«, 5Sa and 59a y 57a, respectively. circular for compact construction and connects drive unit la 

The electric energy is supplied by the umbilical 20 to the with pile driver or work unit by means of pressure medium 

electric power and control line plug connection 24, from 35 lines- 12 and 13 and control line 17. 

where it is distributed to the underwater electric motor 2 of A bracket 94 is connected to pressure medium tank 4a in 

each drive unit 1 by means of lines 89 with plug 90. The order to connect lifting rope 27 above the electric motors 2. 

control line 17 is also connected to plug connection 24. FIG, 16 shows an elevation of drive unit la, in contrast to 

The drive units 1 with plug connection 26fl are raised and FIG. 15, with a pressure medium and control line plug 

lowered by lifting ropes 49 and 27 and, after unplugging 4Q connector 24 for direct connection with pile driver or work 

plug connection 26a, can be handled as one single package, unit 21, 33,36. The umbilical 20, resting on ring 95, termi- 

separately from the work unit (21,33,36). nates in plug connection 24 as already described in FIG. 12. 

FIG. 13 shows how channels 92 and 91 are arranged in An additional equalizing cylinder 14 is shown in dashed 

distributor piece 46, collecting pressure medium from drive lines. 

units 1 to connector 44, or distributing returning pressure 4S The extension pieces 102, shown in dashed lines on the 

medium from connector 45 to drive units 1. Also, channels circumference of distributor piece 46a, can also be used for 

91, by virtue of being interconnected and connected with attaching the protective skirt 103 shown in dashed lines. The 

pressure medium tanks 4 of drive units 1, ensure that same applies to distributor piece 46 described under FIG. 9. 

pressure medium tanks 4 are communicating pressure pic. 17 shows drive unit la, shown in FIG. 16, on the 

medium. 5l} deck of a support ship 50 and installed inside a simple piece 

Additionally, each individual drive unit 1 is connected to of pipe 51, set up to drive a pile driver or work unit located 

the distributor piece 46. It firmly connects them to each other underwater by means of pressure medium lines 12, 13 and 

to form a single unit. If distributor piece 46 is extended control line 17. 

outwardly, it can also serve as the base for the protective i n this pipe piece 51, the socket part 55 of a plug 

skirt 93 indicated by dashed lines. 55 connection 26 is rigidly attached to the pipe bottom 52 to 

The distributor piece 46 contributes significantly to the which lines 12, 13 are connected. When the drive unit la is 

desired light weight and economic design of the installation. installed and made operational, it merely has to be lowered 

FIG. 14 shows, in contrast to FIG. 13, how a larger drive into pipe piece 51, with its plug part 54 set into the socket 

unit la is not composed of several smaller units 1 with their part 55, or to be lifted out for immediate use elsewhere, 

own pressure medium tanks 4 to form a larger unit, but 60 Extensive assembly work including line connections using 

rather how a single large pressure medium tank 4a is plug connections or bolted connections is unnecessary, and 

equipped with several electric motor and pump units 2 and set up costs are minor. For cooling the drive unit 19 cooling 

3, respectively, to establish one targe drive unit. This design water is either pumped through lines 96, 97 on deck of the 

variation has advantages since it can be built smaller in support >iiip 50 into the pipe piece 51 through opening 98 

diameter and lighter in weight than those composed of 65 and returned through opening 99 for recooling, or pumped 

several complete single units 1, depending on size and from the ocean by means of a submersible pump 53 and 

number of installed electric motor/pump units. returned to it. 
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Pressure medium lines 12, 13, depending on their length 8. The submersible drive unit of claim 3 further compris- 

and diameter, may absorb such a large volume of pressure ing a second equalizing cylinder and piston assembly in 

medium from the pressure medium tank 4a at the beginning communication with the pressure medium tank and external 

of the operation that possibly even additional equalizing water. 

cylinders 14 cannot cover the demand. In that case, an 5 9. The submersible drive unit of claim 1 further compris- 
auxiliary pressure medium tank 100 will be utilized supply- in S at Ieast a P air of connectors for remotely wet-connecting 
ing the required quantity of pressure medium and recovering mc submersible drive unit to the work unit, 
it from the hoses when they are emptied. To this end this 10 ™* submersible drive unit of claim 1 further corn- 
auxiliary tank 100 is connected with pressure medium tank P" sin S a wet-detachable plug connection for mounting the 
4a through line 101 and the connector 13. 10 ^me^ble drive unit directly to the work unit. 

e 11. The submersible dnve unit of claim 10 wherein the 

In order to achieve good flow conditions for the pressure submersible drive unit iscoaxially mounted to the work unit, 

medium pump and a damping eilect on the returning pres- n ^ submersible drive unit of claini 10 where i n the 

sure medium during unsteady operation of the work unit, the weUktachahle plug connec tion comprises a plug part and 

auxiliary tank can be pressurized with air by a small amount socket cach hayi corresponding pressure mcdium 

over and above normal air pressure. w channels terminating at hose connect ions in the socket part 

Instead of the drive unit la, other configurations of drive f or communicating pressure medium to and from the work 

unit 1 can be set into the pipe piece and, instead of placing umi. 

it on deck it can also be placed on the crane of the support 13, The submersible drive unit of claim 12 where the 

sm P- 20 pressure medium channels have check valves therein to 

i also provide hose connections instead of the plug prevent pressure medium from escaping and water from 



connection 26 and, compared with the current state of the entering the submersible drive unit when the plug part is 

art, these still save assembly time. disengaged from the socket part. 

I claim: ^ 14. The submersible drive unit of claim 10 further com- 

1. A submersible drive unit connectable with a drive of a 25 prising a wet-connectable electric socket and plug for the 
submersible work unit comprising: transmission of control signals. 

at least one electric motor connected to a support ship by 15. The submersible drive unit of claim 10 further com- 

way of an umbilical for transmitting electric energy to prising a locking mechanism for locking the detachable plug 

the electric motor; connection. 

at least one pressure medium pump connected to and 30 16 - ^ submersible drive unit of claim 1 further corn- 
driven by the electric motor and in fluid communication prising: 

with a pressure medium tank; and a second electric motor connected to a support ship by 

a coupling to receive a foot piece of the electric motor, a wa y of ,he umbilical for transmitting electric energy to 

first flange coupled to the pressure medium pump, and. lhe electric motor; 

a second flange coupled to the pressure medium tank 35 a second pressure medium pump connected to and driven 

thereby forming a self-supporting structure. b Y the electric motor and in fluid communication with 

2. The submersible drive unit of claim 1 further compris- a second pressure medium tank; 

ing a valve block connected to the pressure medium pump a second coupling to receive a foot piece of the second 

to control pressure medium flow to the submersible work electric motor, a first flange coupled to the second 

unit. 40 pressure medium pump, and a second flange coupled to 

3. The submersible drive unit of claim 1 further compris- the second pressure medium tank thereby forming a 
ing a floating piston in an equalizing cylinder, the equalizing self-supporting structure; and 

cylinder having a first end in communication with the wherein the pressure medium tanks are connected to form 

pressure medium tank and a second end in communication a submersible multiple drive unit assembly, 

with external water pressure, thereby providing a pressure 45 17. The submersible multiple drive unit assembly of claim 

equilibrium in the pressure medium tank with respect to 16 wherein a pair of load bearing plates connect the pressure 

external water pressure. medium tanks. 

4. The submersible drive unit of claim 3 wherein the 18. The submersible multiple drive unit assembly of claim 
equalizing cylinder has an opening at the first end providing 17 wherein the load bearing plates are bolted to each of the 
fluid communication between the pressure medium tank and 50 pressure medium tanks. 

a first side of the floating piston, and an opening at the 19. The submersible multiple drive unit assembly of claim 

second end providing fluid communication between the 17 wherein the load bearing plates have a lifting hook to 

external water and a second side of the floating piston. which lifting ropes are connected for moving the submers- 

5. The submersible drive unit of claim 1 wherein the ible multiple drive unit assembly. 

second flange of the coupling is coupled in an elastic, 55 20. The submersible multiple drive unit assembly of claim 

flexible shim to dampen shocks to the electric motor. 16 wherein (he electric motors are connected with a spacer 

6. The submersible drive unit of claim 1 further compris- plate. 

ing a supply connection and a return connection between the 21. The submersible multiple drive unit assembly of claim 

pressure medium pump and the pressure medium tank, each 20 wherein the spacer plate has a guide through which a 

connection having a compensator therein to compensate for 60 lifting rope is attached to the submersible multiple drive unit 

machining tolerances and vibrations. assembly. 

7. The submersible drive unit of claim 1 wherein the 22. The submersible multiple drive unit assembly of claim 
pressure medium tank is situated on an outer circumference 16 further comprising a distributor piece connected to a 
of the submersible drive unit and has a majority of outer lower end of the pressure medium tanks wherein the dis- 
surface area in contact with water when submerged for 55 tributor piece combines pressure medium from each pres- 
cooling and therefore is relatively small in comparison to the sure medium pump and conveys the pressure medium to the 
amount of pressure medium pumped. work unit. 
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23. The submersible drive unit of claim 1 wherein a 
plurality of electric motors are connected to a plurality of 
pressure medium pumps, and each pressure medium pump 
is connected to a single pressure medium tank. 

24. The submersible drive unit of claim 23 further com- 5 
prising a plurality of equalizing cylinders in communication 
with the single pressure medium tank and with external 
water pressure. 

25. The submersible drive unit of claim 1 wherein the 
submersible drive unit is rigidly mounted in a housing 



14 



assembly for operation on the support ship, wherein the 
housing assembly is equipped to receive cooling water from 
an external source and is farther provided with an auxiliary 
pressure medium tank connected to the pressure medium 
tank of the submersible drive unit, 

26. The submersible drive unit of claim 1 wherein the 
pressure medium tank acts as a load bearing structural 
member of the submersible drive unit. 
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